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SMART INSTRUMENTATION DEVELOPMENT AT LOS ALAMOS

Bruce H. Erkkila
Los Alamos National Laboratory

Los Alamos, New Mexico 87545

ABSTRACT

For several years Los Alamos has Incorporated micro-
processors into Instruments to expand the capability of
portable survey type equ:pment. Beglnnlng with por+able
pulse height analyzers, the developments have expanded to
small dedicated instruments which handle the measurement and
Interpretation of various radiation fields. So far, instru-
ments to measure gamma ray~, neuTrons, and beta particles
have been produced. The computer capability built into these
instruments provides significant computational power Into the
instruments. Capablllty unheard of a few years ago In small
portabla Instruments Is routine today. Large comp~ter-basad
laboratory measurement systems which required much space and
electrical power c~n now be Incorporated In a portable hand-
held instrument. The microDrocoss3r developments a+ Los
Alamos are now restricted to ‘radiation monitoring
but earl be expanded to cher,ical and biological apl
as well. Appl ications

others are discussed.
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Lo S With the advances In low
Alamos has taken a iead In the
devl~lopment of radlatlon moni-
toring Instrumentation as wel I
os portable data acquisition
and analysis systems. The
Instruments rolat~ to environ-
mellt,]l and workpl,lcu mon itor-
ing, rodia+ion do~imotry, end

oth(~r areas. Tha development
pro[jr:]m dttempts to fill pr(?-
sunt t(whnology yaps In axlst-
Ing, ccmmorcial Iy nvallabl[+
lnrtr(lm(~nt:ltion.

power microelectronic sevw-31
years ago, It became pos~ible
to build sophisticated circuits
which do not require much
elec:rlcal power. Microcompu-
ters were Invented and the
combination of mlcroelec ronics
and microprocessors made pocsi-
ble the development of vary
powerful Instruments for mea-
surlny and Interpreting signals
trom variou~ radiation fialds.
The first stop at Los Alamos
Ails to dove I op multlchnnnel



analyzers ( MCA ) us ing m i cro-
computers and then interface
these circuits to pulse ampli-
fiers and display circuits.
Next, dedicated Instruments
were built around particular
detectol s. For example, a
gamma-ray instrument was built
around a Nal detector; a
general purpose survey instru-
ment was built arou-d geiger
tubes and a solid state detec-
tor. The microcomputer is the
basic Ingredient of all these
Instruments, which give~ the
instrument very powerful
analyzing capability as the
desired information is being
acquired.

ApDLlcATloN~

In the area of radiation
monitoring and radiation mea-
surements, data acquisition and
antilysis Instrumentation has
traditionally been heavy and
bulky. Many appl ications
required one of a kind instru-
ment packages, which were lnte-
gra+sd from modu I ar s)”stems
manufactured by a variety of
vendors. This resulted in a
very expensive and compl icated
final product. Pulse elec-
tronic modules and pulse height
analyzers have been available
and have served the laboratory
environment very wel 1. But, In
the area of smal I portable
in~trumentat i~n, not very much
equipment has bnen available
axcept for smal I portable sur-
vey type instruments. There
has been a notlc~able lack uf
smal I puri-able sophis+lcatnd
ln~tr-ur,lnnt~t ion fw cc)mplicnted
data acquisition ar}d data an,ll-
yslr In thti tleld.

At LOS AlmIos, our group
(IT-1) has concentrated on this
problem for several years. The
first instruments to he
addressed involved a portable
MCA (Fig. 1) and small instru-
ments incorporating MCA cir-
cuits with the front end detec-
tor and amplifier packages.
Very ofren the application of
the user involves measuring
complicated radiation fields or
radioactive materials and there
is a req~irement to analyze the
data from suckI measurement in
the field. Some analysis In
the field is necessary to pro-
perly evaluate the information
in the measurement In e timely
fashion. Small microcomputers
incorporated in the instrument
package can mahe possible this
type of activity away from the
laborato~y.

Several particular cases
have bqen addressed recently. A
portable neutron spectrometer /
dosimeter was developed and
built around a gas proportional
LET counter (Fig. 2). l-his
counter is a tissue equivalent
linear energy transfer chwDor
commonly CCJI led a Rossi counter
(Rossi and Failla, 1950). The
Instrument has been designed to
give tho user some Informati,’11
Cillullt?h~ LET spec+rum, IS UWI
az tho dose aIId dose equival~nt
from d n~l,tron r:]diltion tit+ld.
lhe m~in Ilmit.ltlon of th!?
Instrument is thu ollergy limit

of thO nl?utrons which can b!!
Idntf>ctf?lf. Low f~nl?rgy nnutrori~
such as thermal noutrunr :In[l
nuutronb bl+low about 100 koV
show I ittla or no rccpon~(+ In
thu Instrum+)nr.



Another instrument ~~~

developed to he!p address the
problem of several different
types of radiation simultane-
OUSly (Fig. 3). This general
purposo instrument has three
detectors and a microcomputer
circuit switches to the proper
detector as directed by the
user. The detectors ~re a
sillcon surface barrier solid
state detector, a very sensi-
tive G-M tube and a Ie=s sensl-
tlve high range G-M tube. The
instrument is useful for
detecting gamma rays, beta
rays, alpha particles and neu-
trons. The G-M tubes are used
for beta and gamma rays, and
the solid state detector is
used for alphas and neutrons.
Neutrons are monitored by
detecting the recoil protons
from a polyetl,ylene radiator in
front of the silicon detector.
Other features, such as multi-
channel time storage, can be
programmed into the Instrument.
With various software, the
instrument can be programmed
for just about any Imagined
special problem in radlat!on
monitoring.

A portable ba+a-ray spec-
trometer/dos Imeter (Fig. 4),
slmi Iar to the neutron instru-
ment described above, Is
currently being developed. In
this cn~e, the detector Is a
tissue-equivalent plastic scln-
tlllator and con be part of the
ins~rumurlt p~ckage or a separ-
ato unit. The energy spectrum
of the betas, along with dose
Information, will ba oval lable
to the operator.

of instrument designers. A
prototype poc~et dosirr,eter and
a small wristwatch model have
been fabricated (Fig.5). The
smaller version has incorpora-
ted hybrid electronic circuits
and a cadmium telluride detec-
tor, wi+h a microcomputer to
provide a myriad of features in
a small I ight package. A com-
mercial version of this instru-

ment WOUIU util ize a dedicated
microelectron ic circuit and
would actual Iy be the size of a
modern digital wristwatch.
Again, with chosen software,
the features of such a device
can be just abw+ anything you
desire.

Othcp Instruments which
Incorprete on-board microcom-
puters include very compact
general purpose pa~kages to be
used for such appl Ications as
field contamination monitors
(Fig. 6). This package, called
the “Vlollnlst”, includes a
multichar,nel analyzer with
several programmed regions of
interesl” which can be used to
analyze the energ;l sp~ctrum
being measured !Iy the detector.
All the calculations neces~ary
for this analysis are pe-formed
in iaal time while the measure-
mea~urement is being performed.
This genera! purpose instrument
again can he changed with soft-
waro to address several differ-
ent Instrument appl Ications.

Finally, at Los Atamns,
another program Involves lnt~-
gratlng sQvQral survey lnstru-
mnnts ta u position-locntll]g
syrtcm currnntly being provldod
by Motorola, Inc. F,ach fie!d
instrument wIII hmve m mi~ro-

cumputor to proc(~ss Information



and prepare It to be trans-
mitted to a central processor
with a larger computer. The
Iocatlon of each field instru-
ment, along with its radiation
reading, will be transmitted
back to the central computer.
The information at the central
computer, Including the posi-
tion and radiation reading for
every field instrument, wil I be
displayed. For training pur-
poses, the function of the
field Instruments is reversed
and The central compu+er will
transmit a reading for each
instrument, depending on their
Iocatlon. This feature pro-
vides in-field simulated opera-
tion of the radiation instru-
Instruments without the need
for radiation sources in the

field.

CONCLUSIONS

A revolution in sma! I
portable ins+rumentat ion is
taking place as a result of
recen7 developments in micro-
circuits an a microcomputers.
The future looks very bright
indeed for further developments
In Instrumentation. Fast, low
power davices will be utilized
for many future developments.
Even more compl icared and
sophisticated measurement pro-
b I ems in the field will be
possible with these new tools.
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Figure 1. A portable multichannel anzlyzer

Figure 2. A portable neutron spectrcnneter/dosimeter

EJQCQ: A general purpose radiation survey instrument

Figure 4. A portable beta spectrometer/doslmeter

Figure 5. A wristwatch dos-----

Figure 6. The llViolinlst”

meter/dose rate meter

nstrument package
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